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• Proca can be populated via GPP with minimal isocurvature1

• lim
𝑘→0

𝒫𝐴 ∼ 𝑘2

• Light scalars populated via GPP have flat spectrum 

• Higgsed 𝑈(1)’s with “light” Higgs cannot be fully populated via GPP

1. Graham, Mardon, Rajendran 1504.02102 2
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2
− 𝑉 Φ 2 + portals,

with Φ = 𝑓, Φ ≡
1

2
𝑓 + 𝜎 exp 𝑖Π/𝑓

• Invariant under 𝐴 → −𝐴, Φ → Φ†

• Stabilizes 𝐴 and prevents kinetic mixing
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Basic curvaton scenario (cont.)

• Curvaton decay defines second reheating of radiation bath

𝑇𝑅 ∼ Γ𝜎𝑀pl

• Curvaton also sets the curvature perturbations
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• If the curvaton dominates the energy density at decay, (𝒬 ≡
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Isocurvature bounds (cont.)

• Since DM is primarily produced via curvaton decay: 𝜁DM ≈ 𝜁𝜎

𝒮DM = 3 𝜁DM − 𝜁 ≈ 3 𝜁𝜎 − 𝑓𝜎𝜁𝜎 = 3 1− 𝑓𝜎 𝜁𝜎 =
3 1− 𝑓𝜎

𝑓𝜎
𝜁

8



Isocurvature bounds (cont.)

• Since DM is primarily produced via curvaton decay: 𝜁DM ≈ 𝜁𝜎

𝒮DM = 3 𝜁DM − 𝜁 ≈ 3 𝜁𝜎 − 𝑓𝜎𝜁𝜎 = 3 1− 𝑓𝜎 𝜁𝜎 =
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𝜁

• For isocurvature fully correlated with adiabatic perturbations
𝒮DM
𝜁

=
4

𝒬
≲ 0.03
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Example

• Consider a Higgs portal:
ℒportal = −𝜅 Φ 2 𝐻 2

(Preliminary) 9

Assumes 𝜎0 ∼ 𝑓



Summary

• Higgsed 𝑈(1)’s with “light” Higgs cannot be populated via GPP 
without large isocurvatures

• By identifying the Higgs mode as a curvaton, dark sector can still be 
populated
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